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Abstract
Flooding, water quality degradation and erosion are some of the negative impacts
created by poorly managed urban stormwater runoff. Managing runoff is an ongoing
challenge for watershed managers because of the constantly changing landscape due to
development and redevelopment. The Village of Ruidoso in South Central New Mexico
is an example of an urban area that is taking an innovative and progressive approach to
stormwater management. The focus of this professional project was to perform a
stormwater analysis for the Village of Ruidoso, apply it to the Horton Complex – an old
school complex that the Village acquired and wants to redevelop– and propose a plan to
manage stormwater on-site using Low Impact Development Techniques (LID) methods.
A hydrologic assessment was conducted on the Horton Complex site that included; rain
data analysis, stormwater runoff analysis and soil analysis. The results were incorporated
into a preliminary design for on-site stormwater management using several LID
treatments including: bioswales, a bioretention basin, a swale and numerous Green
Infrastructure (GI) landscape areas. The Village plans on using these treatments as a
demonstration project that will be used as a step towards updating their local
development standards for stormwater management.

i

Table of Contents

List of Tables, Figures & Photos………………………………………………iii
List of Appendices……………………………………………………………..iv
List of Abbreviations…………………………………………………………...v
Introduction…………………………………………………………………….1
Background…………………………………………………………………….5
Research Methods…………………………………………………………….10
Rainfall Data………………………………………………………….11
Stormwater Analysis………………………………………………….14
Planning Process……………………………………………………………...20
Low Impact Development………………………………………….…20
LID Treatment Examples………………………………………….….21
Soil Analysis……………………………………………………….…25
Rainfall Analysis……………………………………………………...26
Preliminary Design…………………………………………………...28
Conclusion…………………………………………………………………....34
References……………………………………………………………....….…36

ii

List of Figures
Figure 1: Runoff Based on Rainfall Depth and Imperviousness…………….2
Figure 2: Rio Hondo Watershed Map………………………………………..6
Figure 3: Horton Complex, Ruidoso, NM……………………………….…..9
Figure 4: Depth-Duration-Frequency Curves…………………………....…12
Figure 5: Intensity-Duration-Frequency Curves……………………………13
Figure 6: Horton Complex Watershed Map……………………………......15
Figure 7: Rational “C” Coefficient Developed Watersheds………………..17
Figure 8: Percent Exceedance vs. Rainfall Depth,
Ruidoso, NM………………………………………………..……27
Figure 9: Horton Complex Stormwater Management Plan………….….…..30

List of Tables
Table 1: Depth-Duration-Frequency Table……………………………….…11
Table 2: Intensity-Duration-Frequency Table…………………………….…13
Table 3: Time of Concentration, Horton Complex, Ruidoso NM…………..18
Table 4: Peak Rate of Discharge, Horton Complex, Ruidoso NM……….…19
Table 5: Runoff Volume, LID Stormwater Capacity & Estimated
Infiltration Volume, Horton Complex, Ruidoso NM………………...32

List of Photos
Photo 1: LID Bioswale………………………………………………………21
Photo 2: LID Bioretention Basin…………………………………………….22
Photo 3: LID Swale………………………………………………………….23
Photo 4: LID green infrastructure…………………………………...………24

iii

List of Appendices
Appendix A: Ruidoso FEMA Projects…………………………..…….....…38
Appendix B: NRCS Web Soil Survey………………………………....……40
Appendix C: Horton Complex Stormwater Management Plan….....…….…46

iv

List of Abbreviations
Abbreviation
A
ASCE
BMP
C
EPA
EURV
FEMA
GI
GIS
HSG
i
K
L
LID
MS4
N
NMDOT
NMED
NOAA
NPS
NPDES
NRCS
OSE
PFDS

Explanation
Watershed or Drainage Area
American Society of Civil Engineers
Best Management Practice
Runoff Coefficient
Environmental Protection Agency
Excess Urban Runoff Volume
Federal Emergency Management Agency
Green Infrastructure
Geological Information Systems
Hydrologic Soil Group
Intensity
Unit Conversion Coefficient
Overland-Flow Length
Low Impact Development
Municipal Separate Storm Sewer System
Retardance Coefficient
New Mexico Department of
Transportation
New Mexico Environmental Department
National Oceanic and Atmospheric
Agency
Non-Point Source
National Pollutant Discharge Elimination
System
National Resource Conservation
Service
Office of the State Engineer
Precipitation Frequency Data Server

PS Point Source
Q peak Peak Rate of Discharge
RE Riverbend Engineering
S Slope of Terrain
Tc Time of Concentration
TMDL Total Maximum Daily Load
USDA U.S. Department of Agriculture
USGS U.S. Geological Survey

v

Introduction
The quantity of runoff produced from storm events as overland or channelized
flow depends upon land use, vegetation, soils, geology, slope and climate (National
Research Council, 2009). The natural environment balances the management of excess
water through evapotranspiration, infiltration, and natural runoff. While runoff is part of
the natural hydrologic cycle, urban development generally increases the volume of
stormwater runoff significantly (National Research Council, 2009). When the native
landscape is altered by development and urbanization, natural drainage patterns also
become altered, affecting infiltration and groundwater recharge. Buildings, roads,
parking lots, and other impervious surfaces along with soil compaction and vegetation
removal dramatically change the movement of water through the watershed (see Figure
1). As interception, evapotranspiration and infiltration are reduced in a developing area,
stormwater runoff becomes affected in three ways: the time for occurrence of peak flows
decreases, the peak rate of discharge (Q peak) increases and the total volume of runoff
increases (Schueler, 1995).
Historically, in urban areas, stormwater runoff has been managed by engineered
stormwater control systems. Within these systems, runoff is drained from impervious
surfaces by way of curb and gutter and/or through drains and drop inlets to a piped or
channelized stream. Often the stream may be lined with concrete or other material to
maintain its alignment. Engineered systems consolidate stormwater by linking
impervious surfaces together and conveying it to a specific discharge point. These types
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Figure 1: Runoff based on rainfall depth and imperviousness (Excess Urban Runoff
Volume - (EURV)). Source: Wulliman and Urbonas, 2007.

of systems move stormwater directly out of the urban area and into the nearest receiving
water at a single point or location. This method of stormwater management - flood
control - is singular in function and provides no ecological benefits. In fact, large peak
flows caused from impervious surfaces and the consolidation of stormwater runoff leads
to flow alterations causing streambank instability and channel erosion (Kennedy, 2007).
These, in turn, lead to habitat alterations causing erosion, siltation and sedimentation that
impacts macroinvertebrates and fish. Additionally, urban stormwater runoff often
contains high concentrations of contaminants including nutrients from fertilizers, oil and
grease from roads, organics from yard wastes, and bacteria from pet wastes that are
carried into receiving water ways, lakes and estuaries (EPA, 2007).
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Recognizing that non-point source pollution was a major cause of contamination
of America’s water courses, in 1987, under amendments to the Clean Water Act, the U.S.
Congress mandated the U.S. Environmental Protection Agency (EPA) to address
stormwater discharges under the National Pollutant Discharge Elimination System
(NPDES). This resulted in the development of a regulatory program to address municipal
separate storm sewer systems, or MS4, that included implementation of discharge permit
system under the NPDES program (National Research Council, 2009). Phase I was
implemented in 1990 and included large and medium size urban areas with a population
above 100,000 - based on the U.S. Census for that year. Phase II was implemented in
1999 and included smaller cities, towns, counties, and also other types of federal, state, or
local governmental entities, such as military bases, public universities, prisons, and state
highway agencies (National Research Council, 2009). The intent of both Phase I and
Phase II MS4 permits was to reduce contamination of the nation’s receiving waters. The
result of this regulatory program was the identification of hundreds of thousands of point
source (PS) stormwater discharges that needed to be permitted, which put a strain on the
EPA and state administrative systems for implementation and management. At the same
time, achievement of water quality improvement as a result of the permit requirements
has remained an elusive goal (National Research Council, 2009).
Pollution that is accumulated and transported by stormwater that flows off roads,
buildings, or other surfaces without being collected or channelized is called non-point
source (NPS) pollution. This is because there are many sources originating from a wide
area rather than a specific source such as a discharge from a wastewater treatment plant.
Some of the NPS pollutants from urban runoff include: sediment; oil, grease and toxic
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chemicals from motor vehicles; pesticides and nutrients from lawns and gardens; viruses,
bacteria and nutrients from pet waste and failing septic systems; road salts; asbestos from
roof shingles, automotive brake pads and other sources; thermal pollution from
impervious surfaces such as streets and rooftops (EPA, 2007). These pollutants can harm
fish and wildlife populations, kill native vegetation, impair drinking water, and make
recreational areas unsafe and unpleasant. NPS pollution from stormwater has been
identified as a leading source of pollution for all waterbody types in the United States
(EPA, 2007).
Recent developments in stormwater management use Low Impact Development
(LID) as an approach to land development (or re‐development) that works with nature to
manage stormwater as close to its source as possible (Low Impact, 2015). LID employs
principles such as preserving and recreating natural landscape features and minimizing
impervious surfaces to detain and capture runoff to decrease the volume and peak flows,
provide some improvement in quality, and allow some of the water to be used by
vegetation. The purpose of this form of stormwater management is to distribute and
spread out runoff instead of concentrating it (Design Standards, 2015). This is done by
implementing small pervious areas in strategic locations that spread out, slow down,
infiltrate, and/or detain the runoff (Kennedy and Jenks, 2007). It also reduces peak flows
which prevent downstream erosion and water quality problems more characteristic of
curb, gutter and piped drainage systems. If a community has not developed traditional
drainage infrastructure or is faced with the need to expand or repair stormwater
infrastructure, a LID approach can be more energy efficient and less capital intensive
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(Knust, 2015). One community taking steps to incorporate LID concepts in future
development is the Village of Ruidoso, located in South Central New Mexico.
The objective of this project was to perform a watershed analysis and create a
stormwater management plan using LID control measures for the Village of Ruidoso that
will serve as a demonstration project which is part of Ruidoso’s Comprehensive Master
Plan’s Policy 2.2 – Implement a Stormwater Management and Drainage Program.

Background
Located in Lincoln County, South Central New Mexico at an elevation of 6,920
feet above sea level, Ruidoso is a resort town that is known for mild weather. It sits in a
valley at the base of Sierra Blanca, which is the most southerly peak in the continental
United States over 11,000 feet in elevation (11,981 feet), and the Sacramento Mountains.
Because of its southern location, high elevation and topography, Ruidoso receives more
precipitation than most areas in New Mexico – an average of 20 plus inches per year (U.
S. Department of Commerce, 2020). The rainfall pattern is characterized as bimodal with
most of the precipitation falling as rain during the summer monsoon season and then as
snowfall during the winter months. The Village is located on the Rio Ruidoso within the
Rio Hondo watershed (see Figure 1). The Rio Ruidoso descends 6,000 feet as it flows
from its headwaters up on Sierra Blanca down through the watershed until it joins the Rio
Bonito - 30 miles east. Once the rivers converge, near the town of Hondo, the river
becomes the Rio Hondo (NMED, 2016).
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Figure 2: Rio Hondo Watershed Map. Source: Discovery Report, 2015
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The Village of Ruidoso has developed a strong watershed management program
through necessity. Since 2006, the Village has experienced no fewer than five natural
disasters: floods in 2006 and 2008, the White Fire in 2011, the Little Bear Fire in 2012
and a flash flood accompanied by a large debris flow in 2013 – causing more than $68
million in damages including damage to eight bridges and replacement of the sewer
system (see Appendix B). Most of these costs were subsequently covered by the Federal
Emergency Management Agency (FEMA). Also, the surrounding terrain presents a
unique set of challenges regarding the operation of the Village’s municipal water supply.
Because of topography, Ruidoso has one of the most complicated water distribution
systems in all of New Mexico consisting of 42 different pressure zones (Huitt and
Zollars, 2015).
In addition, much of the existing infrastructure is more than 50-years-old and
consists of galvanized piping that is deteriorating from age and the local soil conditions.
Due to this failing infrastructure, the Village has experienced water supply issues that
have required water rationing measures during drought years. The Village continues to
work on increasing the water supply through efficiency, water rights acquisitions and
conservation (Huitt and Zollars, 2015).
The Village has always had issues with stormwater runoff. Monsoonal rain events
are common and there are few if any stormwater detention or retention facilities (Clothier
and Vrooman, 2010). Because of the steep topography of the watershed, stormwater is
conveyed rapidly to the river through culverts or road-side ditches. It transports large
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amounts of NPS pollutants - sediment, street pollution and nutrients directly into the Rio
Ruidoso (Clothier and Vrooman, 2010). This has contributed to the New Mexico
Environmental Department (NMED) listing the Rio Ruidoso, under the EPA’s Clean
Water Act, as an impaired river that exceeds the total maximum daily load (TMDL)
pollutant levels for E. coli, phosphorus and nitrogen.
The governance of the Village is a Mayor – Council Municipality form of
government. The Mayor and the six Council Members are all elected officials. The
Mayor is the Village’s Chief Executive Officer and the Village Council is Ruidoso’s
legislative body. Besides enacting legislation, the Village Council approves the Village
budget and has the oversite powers for the activities of Village agencies (Village, 2020).
In 2013, the Ruidoso Village Council approved a Capital Improvement Program
to support water resource projects and badly needed improvements to the water system.
In 2014, the Capital Improvement Program proposed a property tax increase to the voters.
This program was designed to raise the mill levy rate – property tax rate – to guarantee a
continual approval of $3 million at each future election. The mill levy passed, creating a
funding source for ongoing water resource projects (Village, 2019). As a result of the
Capital Improvement Program, a number of significant water resource planning and
infrastructure projects have been implemented. Some of these include: a water
conservation plan and audit, a water development plan, creation of a dynamic water
model, placement of a liner in Grindstone Reservoir to decrease water seepage, a water
meter replacement program, and funding the Village’s match for ongoing FEMA projects
(Village, 2019).
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The Village of Ruidoso recently purchased a property known as the Horton
Complex from the Ruidoso School District - which the Village plans to develop using
LID strategies to manage runoff and improve stormwater quality (see Figure 3). The end
goal is to improve stormwater management to reduce flood risk and improve stormwater
quality before it reaches the river. If successful, the Village may modify the building
code to require that new development incorporate some of the same features.
The Horton Complex is a 6.23 acre developed area with a 57,270 sq. ft. building
and a 4,842 sq. ft. shop that were formerly used as public-school space. The site also has
three paved parking areas, sidewalks, drainage areas, and a deteriorating tennis court
(Village, 2019). The Village of Ruidoso wants to relocate Village departments that are
currently housed in a ramshackle building called the Annex. These departments include:

Figure 3: Horton Complex, Ruidoso, NM. Source: Google Earth
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The Municipal Court, Forestry, IT, Utility Billing and the Ruidoso Joint Utilities. Other
divisions that may be moved to the Horton Complex in the future include: Police
Dispatch, Building Permits & Inspection, Streets Dept., GIS, Watershed / Water Rights,
Purchasing and Capital Projects (Village, 2019).
Currently, the Village wants to develop a watershed protection plan and a
drainage master plan. The drainage master plan would include a watershed analysis,
identifying stormwater volumes and peak flows and areas that experience recurring
flooding, and potential stormwater management solutions. The Village would then use
the results of the drainage master plan to update its drainage ordinance and development
procedures. In order to be proactive in mitigating the effects of stormwater runoff, the
Village wants to emphasize stormwater management practices on a property that is in the
processes of being redeveloped. Once in place, the Village could then use the stormwater
treatments as a demonstration for future development projects.
The Village hired Riverbend Engineering, LLC (RE) as a consultant for
stormwater management options for two locations in the Village – Wingfield Park and
the Horton Complex. The focus of this professional project is to develop a site-specific
stormwater analysis and management plan for redevelopment of the Horton Complex site
that will aid the Village with their policy objectives.

Research Methods
When performing a hydraulic analysis, certain characteristics of each drainage
basin must be quantified to estimate peak runoff flows and total runoff volumes. The size
and topography of the watershed, the type of development and the characteristics of the
10

design storm are important factors. The distribution and the intensity of rainfall have a
direct impact on stormwater runoff. Rainfall lost to infiltration, localized ponding, or
plant abstraction means less water is discharged from the site as runoff. The slope of the
watershed along with vegetation types and densities and soil makeup all have an effect on
the rate of runoff (National Research Council, 2009). All of these components are
important aspects of the hydraulic analysis process.
Rainfall Data
Rainfall data is a necessary element for all calculations used in watershed studies
and stormwater runoff analysis. In particular the intensity and duration of the design
storm will both have an effect on the volume and peak flow rate of runoff (Stovall et al.,
2018). Based on the methodology used for hydrologic analysis in the 2018 New Mexico
Department of Transportation (NMDOT) Drainage Manual, rainfall data for the Village
of Ruidoso was compiled from the National Oceanic and Atmospheric Administration
(NOAA) Precipitation Frequency Data Server (PFDS). Rainfall depth-durationfrequency totals were generated using the NOAA, Atlas 14, point precipitation frequency
estimates (see Table 1, Figure 4 below).
Table 1: Depth-Duration-Frequency Table from NOAA Data Server-Ruidoso, NM
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=nm
Duration
5-min
10-min
15-min
30-min
60-min
2-hr
3-hr

1

2

5

0.293
0.446
0.553
0.744
0.921
1.06
1.12

0.378
0.575
0.713
0.961
1.19
1.36
1.43

0.505
0.769
0.953
1.28
1.59
1.81
1.88

Return Period (years)
10
25
50
100
0.602
0.917
1.14
1.53
1.89
2.16
2.23

0.734
1.12
1.38
1.86
2.31
2.64
2.73
11

0.836
1.27
1.58
2.13
2.63
3.03
3.13

0.944
1.44
1.78
2.4
2.97
3.44
3.55

200

500

1000

1.05
1.6
1.99
2.68
3.31
3.87
3.99

1.21
1.83
2.27
3.06
3.79
4.46
4.6

1.33
2.02
2.5
3.37
4.17
4.94
5.09

6-hr
12-hr
24-hr
2-day
3-day
4-day
7-day
10-day
20-day
30-day
45-day
60-day

1.27
1.43
1.61
1.83
2.01
2.19
2.62
3.02
4.1
5.1
6.47
7.54

1.61
1.82
2.02
2.3
2.52
2.74
3.27
3.78
5.12
6.37
8.05
9.4

2.08
2.33
2.54
2.89
3.16
3.42
4.06
4.71
6.3
7.76
9.73
11.3

2.45
2.74
2.96
3.37
3.67
3.97
4.68
5.44
7.19
8.8
10.9
12.7

2.97
3.29
3.53
4.03
4.37
4.71
5.52
6.43
8.35
10.1
12.4
14.4

3.38
3.74
3.98
4.54
4.92
5.29
6.15
7.19
9.2
11.1
13.5
15.5

3.82
4.19
4.44
5.08
5.48
5.89
6.81
7.97
10
12
14.4
16.6

4.27
4.67
4.92
5.63
6.06
6.5
7.46
8.76
10.9
12.8
15.4
17.6

4.89
5.31
5.56
6.38
6.85
7.32
8.33
9.82
11.9
13.9
16.5
18.9

5.38
5.83
6.07
6.97
7.47
7.96
9
10.6
12.7
14.7
17.3
19.7

Figure 4: Depth-Duration-Frequency Curves from the NOAA Data Server-Ruidoso, NM
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=nm

Similarly, data was compiled from the National Oceanic and Atmospheric
Administration (NOAA) Precipitation Frequency Data Server (PFDS) using the NOAA,
Atlas 14, point precipitation frequency estimates to generate intensity-duration-frequency
values for the Village of Ruidoso (see Table 2 & Figure 5 below).
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Table 2: Intensity-Duration-Frequency Table from NOAA Data Server-Ruidoso, NM
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=nm
Duration
5-min
10-min
15-min
30-min
60-min
2-hr
3-hr
6-hr
12-hr
24-hr
2-day
3-day
4-day
7-day
10-day
20-day
30-day
45-day
60-day

1

2

5

3.52
2.68
2.21
1.49
0.921
0.529
0.371
0.211
0.119
0.067
0.038
0.028
0.023
0.016
0.013
0.009
0.007
0.006
0.005

4.54
3.45
2.85
1.92
1.19
0.68
0.475
0.269
0.151
0.084
0.048
0.035
0.029
0.019
0.016
0.011
0.009
0.007
0.007

6.06
4.61
3.81
2.57
1.59
0.905
0.624
0.347
0.194
0.106
0.06
0.044
0.036
0.024
0.02
0.013
0.011
0.009
0.008

Return Period (years)
10
25
50
100
7.22
5.5
4.54
3.06
1.89
1.08
0.743
0.409
0.227
0.123
0.07
0.051
0.041
0.028
0.023
0.015
0.012
0.01
0.009

8.81
6.7
5.54
3.73
2.31
1.32
0.909
0.496
0.273
0.147
0.084
0.061
0.049
0.033
0.027
0.017
0.014
0.011
0.01

10
7.64
6.31
4.25
2.63
1.52
1.04
0.565
0.31
0.166
0.095
0.068
0.055
0.037
0.03
0.019
0.015
0.012
0.011

11.3
8.62
7.12
4.8
2.97
1.72
1.18
0.637
0.348
0.185
0.106
0.076
0.061
0.041
0.033
0.021
0.017
0.013
0.012

200

500

1000

12.6
9.62
7.96
5.36
3.31
1.93
1.33
0.712
0.387
0.205
0.117
0.084
0.068
0.044
0.037
0.023
0.018
0.014
0.012

14.5
11
9.09
6.12
3.79
2.23
1.53
0.816
0.441
0.232
0.133
0.095
0.076
0.05
0.041
0.025
0.019
0.015
0.013

15.9
12.1
10
6.74
4.17
2.47
1.7
0.898
0.484
0.253
0.145
0.104
0.083
0.054
0.044
0.026
0.02
0.016
0.014

`

Figure 5: Intensity-Duration-Frequency Curves from the NOAA Data Server-Ruidoso,
NM

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=nm
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Stormwater Analysis
The Horton Complex is mostly a localized watershed. Most off-site runoff
doesn’t reach the site because it is managed by curb and gutter infrastructure already in
place. A detailed watershed analysis and delineation was carried out onsite using a map
generated in GIS that had topography layered over aerial imagery. Particular attention
was paid to off-site runoff, existing building locations, proposed building locations, roof
drainage, vegetation cover, proportions of paved and unpaved surfaces, soil makeup and,
most importantly, where and how stormwater would be conveyed in a rain event.
Through this analysis, five sub-watersheds were identified within the Horton site
watershed (see Figure 6).
Because Horton Complex exists in an urban environment and has a drainage area
of less than 160 acres, the Rational Method as described in the NMDOT Drainage
Manual was used to calculate peak runoff flows (Q peak). This method uses rainfall
intensity (i), which has units of inches/hour and changes with time of concentration and
design frequency. The Rational Formula Method is a commonly used and accepted
practice for estimating peak rates of runoff from small watersheds (Stovall et al., 2018).
The standard form of the Rational Formula Equation in English units is:
Q=CiA
where:
Q = the peak rate of runoff, cfs
C = Runoff Coefficient
i = the rainfall intensity, in./h
A = the watershed or drainage area, acres

14

Figure 6: Horton Complex Watershed Map
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The Rational Formula has several assumptions implicit to the method, including:
•

The rainfall intensity is uniform for a duration equal to or greater than the time of
concentration (Tc)

•

Peak flow occurs when the entire watershed is contributing runoff. The frequency
of the resulting peak discharge is equal to the frequency of the rainfall event.

•

Both the Runoff Coefficient (C) (see Figure 7) and the rainfall intensity (i) vary
with the return period (both tend to increase as return period increases).
Therefore, both must be determined separately for each design storm frequency.

•

The Runoff Coefficient (C) is dependent on the Hydrologic Soil Group (HSG)
and the vegetative cover or in the case of developed watersheds, the percentage of
impervious cover (Arizona Department of Transportation, 2014).

16

Figure 7: Rational “C” Coefficient Developed Watersheds
http://www.azdot.gov/docs/default-source/roadway-engineeringlibrary/2014_adot_hydrology_manual.pdf?sfvrsn=16
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The peak rate of discharge (Q peak) was calculated for the two, five, ten, twentyfive, fifty and one-hundred-year return frequency event for each sub-watershed within the
Horton Complex redevelopment site by using the Rational Method described above
where Q = C i A. This was accomplished by using the information gathered in the initial
stormwater analysis and applying the hydrologic flow data to an overlay of the proposed
redevelopment plan for the Horton Complex to determine the area of each sub-watershed.
Tc was calculated by using the Kerby Equation:
Tc= K (L x N).467x S-.235
Where: K = a unit conversion coefficient, in which K = 0.828
L = the overland-flow length, feet
N = a retardance coefficient, 0.02 in this case for paved surfaces
S = the slope of the terrain
The results for each sub-watershed are as follows (see Table 3):
Table 3: Time of concentration (minutes), Horton Complex, Ruidoso NM
SubWatershed

Tc
(min.)

WS-1

8.11

WS-2

5.46

WS-3

6.78

WS-4

5.69

WS-5

3.97

Since the Tc for each sub-watershed was less than 10 minutes, the minimum allowable
threshold of 10 minutes was used for Tc at each respective sub-watershed in the Horton
Complex. Therefore, for this analysis, storm intensity was 10 minutes and the chosen
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design frequency event was 2 years. Using the information downloaded from NOAA’s
PFDS in Table 2, the rainfall intensity was estimated to be 3.45 in/hr. After examination
of the redevelopment plan for the Horton Complex site, the Rational “C” Coefficient was
estimated to be 0.88. This value for the site was extrapolated from the 100% impervious
curve in Figure 7 representing streets, parking lots and rooftops. The calculated peak
rates of discharge (Q peak) for each sub-watershed at the Horton Complex site are listed
below (see Table 4).
Table 4: Peak Rate of Discharge, Horton Complex, Ruidoso NM
Return
Frequency

WS-1 (cfs)

WS-2 (cfs)

WS-3 (cfs)

WS-4
(cfs)

WS-5
(cfs)

1-YR

1.95

2.22

4.51

2.00

2.50

2-YR

2.51

2.86

5.81

2.58

3.21

5-YR

3.36

3.82

7.76

3.44

4.29

10-YR

4.01

4.56

9.26

4.11

5.12

25-YR

4.88

5.55

11.28

5.00

6.24

50-YR

5.57

6.33

12.86

5.70

7.12

100-YR

6.28

7.14

14.51

6.43

8.03
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Planning Process
Low Impact Development
The Village wants to use the Horton Complex redevelopment to demonstrate that
with the implementation of LID treatments, stormwater can be converted from a
community problem into a community resource. Once implemented, LID treatments at
Horton Complex will help restore a more natural response of the watershed, where
smaller frequent rainfall events are retained on site and soak into the ground. Various
LID detention and infiltration techniques are used to capture and contain the calculated
peak rate of discharge (Q peak) that is a result of redevelopment. Design features need to
take into account federal and state requirements for water retention. Statewide MS4
NPDES phase II permit requirements for new developments are on-site retention of the
90% exceedance event for new developments and 80% exceedance event for
redevelopments. However, subsection B of 19.26.2.15 NMAC, issued by the Office of
the State Engineer (OSE) states, “No permit to appropriate water is required for an
impoundment when the primary purpose of the impoundment is flood control, provided
the outlet drains the impoundment (from the spillway crest) in 96 hours.” New Mexico
water law supersedes MS4 requirements regarding stormwater retention because of
Interstate Compact obligations regarding water delivery. Any impoundment that retains
stormwater longer than 96 hours requires a variance or a water right from the OSE. At
the Horton Complex, if detained water does not infiltrate within 96 hours, all designed
LID features would include a drainage outlet that drains the feature within the 96-hour
time limit.
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The LID features utilized in the preliminary design for stormwater management at
Horton Complex include: bioswales, a bioretention basin, a swale and green
infrastructure. In reducing the amount of stormwater runoff exiting the site, these features
will improve runoff water quality by providing greater areas for infiltration,
evapotranspiration and sediment deposition (Sullivan et al, 2012). The ultimate goal is to
capture, detain, infiltrate and evaporate runoff as close to its source as possible. Other
benefits of using LID treatments include: localized flood control, pollution control,
healthier watersheds, increased soil moisture and ground water recharge (Sullivan et al,
2012).
LID Treatment Examples
Bioswale example:

Photo #1: LID Bioswale. Source: https://www.pinterest.es/pin/26388347793503143/
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Bioretention Basin example:

Photo #2: LID Bioretention Basin. Source:
https://www.google.com/search?q=bioretention+basin&tbm=isch&chips=q:bioretention+
basin,g_1:commercial:qeQtksDgzo0%
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Swale example:

Photo #3: LID Swale. Source: https://www.lgc.org/resource/new-approachesstormwater-management/
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Green Infrastructure example:

Photo #4: LID green infrastructure. Source:
https://www.calstate.edu/water/conference/documents/2013/1005-3.pdf
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Soil Analysis
As part of the design process, a soil analysis was conducted on the Horton
Complex site. This analysis was an important part of the design process because of the
possibility of adding infiltration to the mix of Best Management Practices (BMPs) for
LID treatments of stormwater. Initially, a simple soil percolation test was conducted at
one location in sub-watershed #3. A test pit was excavated and filled with water and
measurements were taken and recorded over a 4-hour time span. Soils excavated on site
appeared to be clay loam in nature and the measured infiltration rate was approximately
0.12 inches/hour for the first hour of the test, suggesting that the site had poor drainage
properties.
A soil survey was generated using the United States Department of Agriculture’s
(USDA) Natural Resource Conservation Service (NRCS) soils survey website (see
Appendix B). Data generated in the NRCS report indicated that the soil is type-B and
the soil profile makeup at the Horton Complex consists of: 0 to 6 inches - gravely sandy
clay loam; 6 to 45 inches – very gravely sandy clay loam; and 45 to 60 inches extremely
gravely sandy clay loam. The report also indicated that the infiltration rate was
moderately high to high at 0.60 to 2.0 inches/hour (USDA, 2020).
The discrepancy between the results from the field percolation test and the
infiltration rate associated with type-B soil from the NRCS report can possibly be
explained by the fact that the site had already been developed. As described in the
introduction, the process of development and urbanization drastically affects the
hydrologic processes that would occur naturally. Through development and construction,
native vegetation gets stripped away, soil becomes compacted and, in some cases,
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nonnative soil is imported during the process of construction. The test pit that was
excavated for the infiltration test was 0.60 ft. deep, the soil was densely compacted, clay
loam in nature and difficult to dig. The slow infiltration rate of the field test was most
likely due to the fact that the Horton Complex site was developed long ago and soils have
been compacted and/or imported.
The poor infiltration result seemed suspect given that the Horton Complex is
located in the valley bottom, perched up on a bench that is higher than the current
elevation of the Rio Ruidoso. Geologically speaking, one would expect soils to be
gravely and sandy in nature in a historic floodplain. In the next step of the design process
a more thorough geotechnical permeability study will be conducted in order to obtain a
more accurate indication of infiltration rates at the Horton Complex site. However, based
on the report generated by the NRCS soils survey and the initial perk test performed in
the field, LID treatments that include infiltration were included in the preliminary design
where appropriate.

Rainfall Analysis
Ruidoso receives more rain than many towns and cities in New Mexico,
averaging over 20 inches of rain annually. However, statistically speaking, the rain
pattern is similar to places like Albuquerque, Phoenix and Tucson in that most of the rain
arrives in the form of short but intense thunderstorms during the summer monsoon
season. Daily rain data for the Village of Ruidoso was analyzed from 2001 to 2020.
More than 1,200 rain events occurred over that period of time resulting in an average of
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63 rain events per year. Of those, over 40% produce 0.1-inch or less of precipitation, and
approximately 85% of all rain events are less than 0.5-inch (see Figure 8). This is
consistent with the NOAA data which shows that a two-year 10-minute storm, a 90%
exceedance event, involves 0.575-inches of rain. Because the 85% exceedance event has
been identified as a good event for rainfall capture for stormwater mitigation by the
American Society of Civil Engineers (ASCE), this 0.5-inch event becomes a reasonable
minimum threshold for “First Flush” retention (Pima County Regional Flood Control

District, 2015).
Figure 8: Percent Exceedance vs. Rainfall Depth, Ruidoso, NM
First flush-the first 0.5 inches of rainfall in a storm event- usually mobilizes most
of the surface debris and pollutants that have accumulated since the previous rainfall
event. Research has shown that pollutant concentrations tend to be higher during the
beginning of a storm compared to the middle or the end of a storm. Up to 80% of
pollutants that are washed off the watershed contain high concentrations of particulate
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and dissolved contaminants that have accumulated over time on the land surface (EPA,
2007).
The Horton Complex is a localized watershed where the pollutant load is expected
to be limited. However, LID design elements for stormwater management will, at a
minimum, capture the first half inch of rainfall in on-site detention or retention basins.
The idea is to detain and infiltrate stormwater into the ground where natural filtration
through the soil column can occur. If the runoff includes a significant amount of
sediment, that sediment will accumulate in the bioswales and detention/retention basin
where it can be removed by maintenance crews. Capturing stormwater, along with
detention and infiltration, leads to the deposition of solids during runoff from a rain
event. In effect, capturing the runoff from the first half inch of rainfall will lead to
capture and treatment of 60 to 80 percent of pollutants on impermeable surfaces
(Schueler, 2000).

Preliminary Design
The Horton Complex is already fully developed. Therefore, construction of new
stormwater management facilities is constrained by the existing infrastructure. Areas on
the site that are subject to new development offer more opportunities for innovative
stormwater management by using natural drainage features to reduce or eliminate the
need for structural drainage systems. The Village’s goal for this project was to
implement LID features, in order to improve stormwater management within the
Complex. The design priorities were to use LID techniques possibly including grass-
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lined swales, bioswales, bioretention basins and GI landscaping, as opposed to traditional
engineered stormwater control measures. With these goals in mind, RE used the
preliminary development site plan as a base map and then proposed LID treatments and
GI landscaping in locations where, based on the watershed map, it was most efficient to
manage stormwater (see Figure 9).
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Figure 9: Horton Complex Stormwater Management Plan
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The next step in the planning process was to use the data from the stormwater
analysis and incorporate it into the design of the LID features. This ensures that the
proposed treatments will be sized correctly and that they will have the capacity to
capture, at a minimum, the 85 th percentile exceedance event. Using Q peak for the 2-year
frequency event form Table 4, the runoff volume for the 2-year 10-minute storm event
was calculated for each sub-watershed at the Horton Complex by using the Modified
Rational Method (see Table 5).

This method uses the same input data and coefficients

as the Rational Method along with the further assumption that, for the selected storm
frequency, the duration of the peak rate of discharge is also the entire storm duration.
Use of this method should be limited to drainage areas of 20 acres or less with uniform
topography (New Jersey, 2007). The standard form for the Modified Rational Method of
calculating total runoff volume is:
V = Q peak x D
Where: V = total runoff volume
Q Peak = peak rate of discharge
D = storm duration
Table 5: Runoff Volume, LID Stormwater Capacity & Estimated Infiltration Volume,
Horton Complex, Ruidoso NM

SubWatershed

Runoff Volume
(2-yr, 10-min
storm) (cf)

LID
Stormwater
Capacity
(cf)

Estimated
Infiltration
Volume (cf)

WS-1

1503

9032

1426

WS-2

1709

6651

1050

WS-3

3472

10778

1702

WS-4

1539

2137

338

WS-5

1920

3574

564
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Using the area of each delineated sub-watershed and the proposed LID features in
the preliminary design as a basis, the accumulated stormwater detention/retention
capacity was estimated for each sub-watershed (also, see Table 5). LID stormwater
capacity varies greatly from sub-watershed to sub-watershed. This is a result of the
restrictions on the placement of LID treatments due to available space and development
constraints that have arisen during the planning process of the Horton site. However,
based on these estimates, when compared to calculated runoff volumes, each subwatershed has the capacity to capture more than the targeted first flush rain event
described above.
Another important aspect of the design process was to incorporate the potential
for infiltration into the design. An approximate infiltration volume was estimated based
on the measured volume of water that seeped into the ground from the simple soil
percolation test conducted in the field. This estimated volume of percolation was applied
to the area of the proposed LID features in the preliminary design come up with an
approximate infiltration volume at each sub-watershed (also, see Table 5).
While these infiltration volumes are a rough estimate, they do indicate that there
is an opportunity to retain stormwater. The bioswale and bioretention basin features in
the design include a French drain type of element that will allow for some infiltration of
stormwater. As previously discussed, a more thorough analysis will be conducted further
along in the design process that will give a more accurate indication of the opportunities
for infiltration. Infiltration rates diminish as the soil becomes saturated following a storm
event, but as per New Mexico water law, detained stormwater that has not infiltrated
must be drained within 96 hours anyway.
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In this preliminary design, each sub-watershed includes LID features that will, at
a minimum, detain or retain at least the first 0.5-inches of rainfall that occurs at the
Horton Complex within that sub-watershed. Having the capacity to detain/retain the first
flush and infiltrate the stormwater, to the extent possible, will effectively manage the
excess discharge created by redevelopment of the Horton Complex. Managing
stormwater onsite will also improve water quality by capturing pollutants rather than
letting it flush directly into the Rio Ruidoso. Off-site stormwater that might normally run
onto the site during a rain event will be managed by a grass lined swale that parallels
Service Road and discharges into the existing curb, gutter and ditch system (for full
preliminary plan set see Appendix C).

Conclusion
Implementing this stormwater management plan as a demonstration project is a
first step towards achieving the Village’s goal of developing a drainage masterplan with
updated development standards – as stated in the Ruidoso Comprehensive Plan 2019,
Water Resources, Goal 2, Policy 2.2, Action 2.2 A. With the implementation of the plan
for the Horton Complex, the Village can begin the process of setting a standard for
ordinances in the development code for stormwater management in new developments or
redevelopments. Using LID treatments has become the most effective way to manage
stormwater runoff in developing urban areas. As a community without effective
stormwater infrastructure, Ruidoso is a prime candidate for managing runoff with LID
features, and this analysis confirms that even the standard of 0.5-inch would go a long
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way. Based on rainfall patterns, we know that Ruidoso can meet the industry standard
and effectively manage 85% of occurring rain events. While the Horton Complex is a
relatively small site, the stormwater management plan developed in this professional
project may end up having a large positive impact on the Village of Ruidoso and the
water quality of the Rio Ruidoso. With the creation of a drainage masterplan that
includes updated ordinances, perhaps Ruidoso will become an example for other similar
communities in storm water management.
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